Selective Upregulation of Intercellular Adhesion Molecule (ICAM-1) by Ultraviolet B in Human Dermal Microvascular Endothelial Cells  by Cornelius, Lynn A. et al.
Selective Upregulation of Intercellular Adhesion 
Molecule (ICAM-l) by Ultraviolet B in Human 
Dermal Microvascular Endothelial Cells 
Lynn A. Cornelius, Norbert Sepp, * Lian-Jie Li, * Klaus Degitz, t Robert A. Swerlick, * Thomas J. Lawley, * and 
S. Wright Caughman*:j: 
Division of Dermatology, Department of Medicine, Jewish Hospital at Washington University School of Medicine, St. Louis, 
Missouri; 'Department of Dermatology Emory University School of Medicine, Atlanta, Georgia, U.S.A.; tDepartment of 
Dermatology Ludwig-Maximilians University, Munich, Germany; and :j:Atlanta VA Medical Center, Emory University School of 
Medicine, Atlanta, Georgia, U.S.A. 
Although a portion of ultraviolet light (UV) penetrates into 
the dermis, histologic changes that occur within the dermal 
microvasculature have largely been attributed to the elabora-
tion of biologic substances, such as interleukin 1 (IL-1) , from 
other constitutive cells of the skin, as opposed to a direct 
effect of UV on the endothelial cell. As a potential model for 
understanding early molecular events occurring in UV -in-
duced cutaneous inflammation, we have examined the direct 
effects of UVB, as well as cytokine-positive controls, upon 
human dermal microvascular endothelial cells (HDMEC) 
cell adhesion molecule (CAM) gene expression. Cultured 
HDMEC were exposed to varying dosages of UVB, and 
examined for cell surface and mRNA expression of the 
CAMs intercellular adhesion molecule-1 (ICAM-1), vascular 
cell adhesion molecule-1 (VCAM-1), and E-selectin (for-
merly ELAM-1). Following UVB exposure, dose-dependent 
increases in baseline cell surface expression of ICAM-1 were 
A lthough numerous studies have investigated the ef-fects of ultraviolet B (UVB) upon epidermal cell biol-ogy, approximately 10% of epicutaneous UVB pene-trates to the dermis and reaches the cutaneous vasculature. Thus, the direct effects ofUVB upon en-
dothelial cells in the superficial dermis could be expected to playa 
role in UVB-induced inflammatory responses. As an indicator of 
such effects, we have investigated the direct effect of UVB upon 
leukocyte cell adhesion molecule (CAM) expression by human der-
mal microvascular endothelial cells (HDMEC). 
The leukocyte CAMS investigated include intercellular adhesion 
molecule-l (ICAM-l), E-selectin (formerly endothelial cellleuko-
cyte adhesion molecule, ELAM-l), and vascular cell adhesion mole-
cule (VCAM-1). ICAM-1, a member of the immunoglobulin su-
perfamily of CAMs, is constitutively expressed on the surface of 
various cells [1 - 4], including endothelial cells. ICAM-l expression 
by endothelial cells is critical to endothelial cell-leukocyte interac-
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demonstrated by fluorescence-activated cell sorter analysis 
with concomitant increases in ICAM-1 mRNA, as shown by 
Northern blot analysis; there was no induction of either E-
selectin or VCAM-l. The UVB-induced ICAM-1 upregula-
tion could not be blocked by antibodies to IL-l or tumor 
necrosis factor a (TNF-a). In fact, ICAM-1 gene regulatory 
region based CAT reporter gene plasmids, including con-
structs containing IL-1- and TNF-a-responsive elements, 
did not display increased CAT expression after transfection 
into HDMEC followed by UVB exposure, though control 
cytokine-treated transfectants did. Thus, UVB selectively 
upregulates ICAM-l, but not E-selectin or VCAM-1, 
mRNA and cell surface expression in HDMEC, and this 
upregulation is not dependent upon the autologous secretion 
and activity of either IL-1 or TNF-a. Key Words: E-selectin/ 
VCAM-1/TNF-a/IL-1.] Invest DermatoI103:23-28, 1994 
tions in inflammatory processes, particularly transendothelial 
migration [5]. The primary ligands for ICAM-1, lymphocyte 
function-associated antigen 1 and MAC-l, are expressed by a vari-
ety of leukocytes [6]. We have previously shown that ICAM-1 is 
constitutively expressed itl vitro by HDMEC, and that interferon-y 
(IFN-y), tumor necrosis factor-a (TNF-a), and interleukin-1 (IL-l) 
all increase ICAM-1 surface expression in a time- and dose-depen-
dent manner [7]. E-selectin is a CAM that is not constitutively 
expressed by endothelial cells, but is induced by IL-l and TNF-a 
[8]. This CAM is important in the initial binding of memory T cells 
to activated endothelium [9 - 11]. Its ligand on the surface of granu-
locytes has recently been identified as sialyl-Lewisx antigen [12]. 
VCAM-1 is also an inducible CAM expressed by human umbilical 
vein endothelial cells after IL-1 and TNF-a exposure [13,14]; its 
ligand is the integrin VLA-4 on the surface of lymphocytes and 
monocytes [15]. 
With respect to UV-induced modulation of CAM and/or cell 
surface molecule expression, most studies have focused upon consti-
tutive cells of the epidermis, including keratinocytes [16], Langer-
hans cells [17,18], and melanocytes [19], or upon accessory cells 
[20]. The effect of UV on the cutaneous vasculature has been de-
scribed morphologically. Histologic changes including vasodilata-
tion, endothelial cell enlargement, and increased vascular perme-
ability followed by leukocyte emigration have been found [21]. 
These changes are fe lt to be related to UV-induced cutaneous ery-
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thema, and only recently has the role of the endothelial cell in the 
immunomodulatory effects of UV through CAM expression been 
investigated in skin explants [Murphy, Walsh LJ, Kaidbey K, 
Lavker RM: Clin Res 39: 195A 1991(abstr)] as well as in vivo [22]. 
Utilizing physiologically relevant dosages, our laboratory investi-
gated the direct effect of UVB on the expression of leukocyte cell 
adhesion molecules by endothelial cells utilizing HDMEC in cul-
ture. 
MATERIALS AND METHODS 
Cell Culture HDMEC were isolated as previously described from neona-
tal foreskins, utilizing trypsinization and Percol gradient centrifugation 
[23]. Characterization and analysis for purity was performed through stain-
ing for von Willebrand factor (vWF) and uptake of acetylated low-density 
lipoproteins. The cells were maintained in culture through sequential pas-
sages, and typically utilized in passage 3 - 6. Cells were grown in endothelial 
cell basal media (Clonetics Corp., Santa Anna, CA), supplemented with 30% 
normal human serum (Irvine, Santa Anna, CA), 2 mM glutamine (Irvine), 
5 X 10- 5 M cyclic adenosine monophosphate (Sigma, St. Louis, MO), 1 
Ilg/ml hydrocortisone acetate (Sigma), 1 ng/ml epidermal growth factor 
(Clonetics Corp.), and an antibiotic cocktail of 100 U /ml streptomycin, 100 
U/ml penicillin, 250llg/ml amphotericin B, and 10 Ilg/ml ciprofloxin 
(Sigma). 
Reagents and Antibodies Specific reagents and their sources included 
the following: 1) monoclonal antibodies against human ICAM-l (84H10 
from S. Shaw, Experimental Immunology, NCI, NIH), major histocompat-
ibility complex class II (L243 from ATCC, Rockville, MD), E-selectin 
(9A1.1F1 from Barry Wolitzky, Hoffman-La Roche, N], and Biodesign 
International, Kennebunkport, ME), and VCAM-l (4B9 from J. Harlan, 
Division of Hematology, Department of Medicine, University of Washing-
ton, Seattle, W A); 2) rabbit polyclonal antibodies to IL-1 (Endogen, Boston, 
MA) and TNF-a (Endogen) used at the manufacturer's recommended dos-
ages; 3) cDNAs for ICAM-1 (T. Springer, Harvard University; S. Shaw, 
NIH), E-selectin (V. Gopal, Otsuka Pharmaceuticals, Gathersburg, MD), 
VCAM-l (V. Gopal, Otsuka Pharmaceuticals), IL-1P (M. Offermann, At-
lanta, GA), p-actin (Clontech, Palo Alto, CA); and 4) cytokines IL-1a (Bio-
logic Response Modifers Branch, NCI, NIH) at 50-100 U/ml, and TNF-a 
(Genentech, South San Francisco, CA) at 80-100 U/m!' 
Light Source and Irradiation of Cells The UVB source utilized was a 
parallel bank oHour FS20 light bulbs (Westinghouse) emitting a continuous 
spectrum between 280 and 320 nm with a peak emission at 313 nm [24]. 
Fluence rate at the site of cell irradiation was 0.47 mW /cm2 as measured by 
an International Light 1400 radiometer. Cells were grown to 95-100% 
confluence, the media replaced with a thin film of phosphate-buffered saline 
(PBS) and the cells irradiated for the appropriate length of time. Fresh media 
was replaced in the dose-response experiments, which were determined at 
the 24-h time point. In time-course determinations, carried out at 12, 24, 48, 
and 72 h post-irradiation, all cells were replenished with their own media 
immediately after irradiation. Dosage determinations were made using the 
following rationale. Exposure of skin to natural sunlight results in erythema 
secondary to UVB (290-320 nm). Approximately 10% ofUVB penetrates 
into the dermis. Physiologically relevant dosages ofUVB that may be expe-
rienced in vivo may range from 1 to 5 minimal erythema dose (MED) (30-
150 mJ/cm2). Therefore, itl vitro UVB dosages ranged from 3 to 15 mJ/cm2, 
or 1 to 5 MED dermal equivalents (MEDeq). 
In comparison to published reports concerning human keratinocytes and 
UVB sensitivity [16], HDMEC were more SIlsceptible to UVB-induced 
damage and death. Even when MEDeq dosages were employed as described 
above, there was essentially a linear effect upon viability of HDMEC as 
determined by trypan blue exclusion 24 h after UVB exposure. HDMEC did 
assume an enlarged and somewhat lacy morphology 12-24 h after irradia-
tion. However, dead cells were excluded from experimental determinations 
by repeated washings prior to flow cytometry and Northern blot analysis, as 
well as propidium iodide uptake during flow cytometry (see below). 
Flow Cytometry Surface phenotyping of constitutive and induced sur-
face proteins was performed using direct immunofluorescence and flow 
cytometry. Cytometric analysis was performed on a FACScan II flow cyto-
meter (Becton-Dickinson). Cell monolayers were washed two times with 
Hanks' buffered saline solution prior to trypsinization. Staining was carried 
out on aliquots of approximately 0.5 X 106 cells at 4·C utilizing appropriate 
isotype controls, intervening washes, and fluorescein isothiocyanate-
conjugated IgG second-step antibody (Tago, Burlingame, CA). Data was 
tabulated in graphic form. 7500 events per aliquot were collected for each 
analysis, which was compiled in histogram form utilizing the Hewlett-
Packard Consort 30 FACS program. Results arc reported as mean channel 
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fluorescence (MCF) + coefficient of variation (cv). Gating of dead cells was 
performed utilizing propidium iodide (1 Ilg/ml). Fluorescence-activated 
cell sorter (FACS) analysis was performed at specified dosages and times 
post-UV or cytokine stimulation. Mean channel fluorescence results were 
analyzed using paired Student t test. 
Cytokine Antibody Studies Anti - IL-l (50 Ilg/ml), and anti-TNF (20 
Ilg/ml) were pre-incubated with IL-1 (100 U/ml) and TNF-a (100 U/ml), 
respectively, for at least 1 h prior to cell exposure in fresh media. When 
antibodies were utilized alone, they were also pre-incubated with media 
prior to exposure to cells. HDMEC in PBS were then exposed to UVB, as 
previonsly described, and immediately replenished with appropriate media, 
antibodies, and/or cytokines for 24 h preceding FACS analysis. 
Extraction and Purification of RNA and Analysis of RNA Express-
ion Total cellular RNA was isolated from experimental cells by guanidi-
nium isothiocyanate lysis and CsCl density gradient pelleting [25] and quan-
tified spectrophotometrically. Northern blots were performed and probed 
with random primed, 32-P-dCTP -labeled cDNA fragments specific for 
ICAM-l, E-selectin, VCAM-l, and IL-1/3. p-actin probing of membranes 
was utilized to assess uniformity of RN A loading and transfer. Autoradiog-
raphy of blots and subsequent densitometric analysis of signals were per-
formed . Densitometric readings arc expressed as the ratio of experimental 
signal to p-actin signa!. 
CAT Assays HDMEC were transfected with chloramphenicol-acetyl 
transferase (CAT) reporter gene constructs containing various portions of 
the 5' regulatory region of the ICAM-l gene [25]. Constructs utilized in-
clude pCAT control, in which expression of CAT is driven by the SV40 
promoter and enhancer, as a non-ICAM-l based positive control; pHS-
CAT (basal promoter region of ICAM-l); and pBS-CAT (basal promoter 
region of ICAM-l + contiguous 883-bp upstream region). pBS-CAT con-
tains functional IL-l [26] and TNF-a responsive element(s) (unpublished 
observations) and by sequence analysis contains consensus NFKB and AP-1 
sites. Transfections were performed with 15 Ilg of each plasmid via calcium 
phosphate precipitation [27] utilizing techniques and procedures as previ-
ously described [25]. In all transfection experiments, cells were exposed to 
calcium phosphate plasmid precipitates for 16 h, washed, and replenished 
with media and allowed to recover for 24 h, then treated with UVB, IL-l, or 
TNF-a 24 h prior to lysate preparation. Cells were washed two times with 
cold phosphate-buffered saline (PBS) to remove dead cells before trypsiniza-
tion of viable cells for lysate preparation. Prior to performing assays for CAT 
activity [27], lysates were normalized for protein concentration. Previous 
experiments had established that the transfection efficiencies of the plasmids 
utilized were equal. Positive control responses were elicited in ICAM-l-
based constructs with appropriate cytokine stimulation of the transfectants. 
RESULTS 
Induction of CAM Surface Expression in HDMEC by 
UVB To optimally evaluate dose response in HDMEC exposed 
to UVB, endothelial cells were studied 24 h following irradiation 
based on preliminary studies of cell surface expression. A represent-
ative FACS experiment of cell surface ICAM-l staining is shown in 
Fig lA, and a summation of FACS experiments is depicted graphi-
cally in Fig lB. A 100-270% upregulation in baseline ICAM-1 was 
seen at dosages of7 -15 mJjcm2, in a dose-dependent manner (p < 
0.05). Neither E-selectin or VCAM-l were induced following 
UVB at varying dosages at the 24-h time point. 
Based on these dose-response data, a UVB dose of 1 0 mJ j cm2 wa\ 
utilized to evaluate the temporal kinetics of ICAM-l induction, 
CAM expression was studied at 12, 24, 48, and 72 h post UV1\ 
irradiation. Figure 2 depicts in graphic form the summation of twa 
separate FACS experiments, illustrating upregulation ofICAM-l il\ 
a time-dependent manner. Greater than 100% upregulation wa~ 
seen at 24 h (p < 0.05); greater than 50% upregulation was seen a\ 
48 and 72 h post UVB. Neither E-selectin nor VCAM-l inductio~ 
was seen at the post-UVB time points examined, although appro, 
priate cytokine controls were positive for induction of both CAMs, 
To assure that a possible E-selectin or VCAM induction peak w~ 
not missed, FACS analysis was performed with 10 mJjcm2 UVl\ 
and appropriate cytokine controls at 6, 16, and 24 h post stimulatio~ 
(data not shown). Again, UVB upregulated ICAM-1 at 24 h, but n 
E-selectin or VCAM induction was seen at any time points exam\ 
ined. 












CNTRl 2.5m) 5m) 7m) 10m) 13m) 15m) 
Figure 1. UVB upregulates ICAM-l in HDMEC in a dose-responsive 
manner. A) Surface expression ofICAM-l as assessed by FACS analysis at 24 
h after exposure. X axis represents log MCF; Y axis, cell number. B) Sum-
mation of at least four separate FACS experiments. Results are expressed as 
percent MCF of control ICAM-l expression (control = 100%). Error bars, 
SEM. 
Effect of UVB on CAM rnRNA Expression N orthern blot 
analysis of total RNA extracted from HDMEC at 24 h post UVE 
revealed a dose-dependent increase in IC AM-1 mRNA (Fig 3). 
Uniformity ofJoading and transfer of RNA was assessed by probi ng 
with /l-actin. Following the delivery of 10 mJ/cm2 to HDMEC, a 
greater than 200% increase over baseline ICAM-1 mRNA was seen; 
a similar increase was seen at the cell surface level by FACS analysis 
(see above). Probing of this blot for induction of E-selectin and 
VCAM-1 mRNA was negative. 
Northern blot analysis of total RNA extracted from HDMEC 
treated with 10 mJ / cm2 at the various time points revealed a time-
dependent increase in mRNA (Fig 4). Densitometry, employing 
fJ-actin controls, confirmed this increase. A range of upregulation of 
ICAM-1 mRNA was seen over the 24-72-h period after UVE 
treatment, foll owing a slight decrease seen at 4 h. Again, neither 











C NTRl 12HIl 
I 
I 
24HR .. HR 72HIl 
Figure 2. UVB upregulates ICAM-l in HDMEC in a time-responsive 
manner. Summation of two separate FACS experiments. Results are ex-
pressed as percent MCF of control ICAM-l (control = 100%). Error bars, 
SEM. 
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Figure 3. Upregulation of ICAM-l mRNA extracted from HDMEC fol-
lowing increasing dosages of UVB at 24 h following exposure. Northern 
blot analysis was performed on HDMEC treated with varying dosages of 
UVB as indicated, and total cellular RNA harvested and analyzed (10 p.g per 
lane) for relative ICAM-l mRNA expression 24 h after exposure. fJ-actin 
probing was performed to ensure uniformity of load ing and transfer of 
mRNA. Densitometry results are plotted in arbitrary units of ICAM-l /fJ-
actin densitometry values, with control (no UVB exposure) ICAM-l / fJ-
actin = 1. 
E-selectin nor VCAM-1 mRNA induction was seen following 
UVE by N orthern blot analysis at the time points studied. As posi-
tive controls for induction of these two CAMs in HDMEC, E-selec-
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Figure 4. Upregulation ofICAM-1 mRNA extracted from HDMEC ex-
posed to 10 mJ/cm2 of UVB at varied time points following exposure. 
Northern blot analysis was performed on HDMEC treated with 10 m1/cm2 
at varying time points prior to harvesting and total cellular RNA harvested 
and analyzed (10 )1g per lane) for relative ICAM-l mRNA expression. 
fJ-actin probing was performed to ensure uniformity of loading and transfer 
of mRNA. Densitometry results were calculated and plotted as in Fig 3. 
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HDMEC, and VCAM-1 mRNA was detected following both 4-
and 24-h TNF-a stimulation (data not shown). 
To evaluate the potential induction of IL-1 by UVB, Northern 
blot analysis was performed for IL-1p. Although there were mini-
mally detectable levels ofIL-1P mRNA in untreated cells, there was 
no discernible change in IL-1P mRNA levels at 4,12,24,48, or 72 h 
(data not shown). 
Effect of Anti-TNF and Anti-IL-l Antibodies on UVB-
Induced Upregulation of ICAM-l In an attempt to identify 
the possible contribution of cytokines in the upregulation of 
ICAM-1, HDMEC monolayers were incubated continuously with 
either anti - IL-l or anti-TNF antibodies at a concentration of 50 
flg/ml and 20 flg/ml, respectively, immediately following UVB 
exposure and for the 24-h incubation period preceding FACS analy-
sis. Upregulation of ICAM-1 occurred in cells treated with both 
cytokines and this upregulation was blocked by both appropriate 
antibodies. However, anti-TNF or anti-IL-l antibodies did not 
affect UVB-induced ICAM-1 upregulation (Figs 5 and 6). 
Effect ofUVB Upon ICAM-l- Driven Reporter Gene (CAT) 
Expression Cells were UVB exposed following transfection 
with pCAT control, pHS-CAT, and pBS-CAT. Multiple transfec-
tions were performed, and a compilation of resulting data is shown 
in Fig 7. UVB exposure resulted in decreased expression of both the 
basal promoter region ofICAM-l, pHS-CAT, as well as the basal 
promoter region and the contiguous 883-bp upstream region of the 
ICAM-1 regulatory region, pBS-CAT, which has been shown to 
contain both IL-l- and TNF-a-responsive elements. The UVB-
induced downregulation ofICAM-l-based CAT construct expres-
sion was felt to be non-specific, because the non - ICAM-l based 
positive control construct, pCAT control, also exhibited a decreased 
expression following UVB exposure. Internal controls using IL-l 
and TNF-a stimulation of transfectants demonstrated enhanced 
expression of pBS-CAT following cytokine, but not UVB, stimula-
tion. 
DISCUSSION 
In this study, we have shown a UV -induced specific change in 
HDMEC mRNA and cell surface expression of ICAM-l that was 
dose and time dependent. As previously described, UVB was em-
ployed in physiologically relevant dosages (1- 5 MEDeq), with sig-
nificant upregulation of cell surface ICAM-1 at dosages as low as 7 
mJ/cm2 at 24 h (equivalent to 2-3 MED for skin types II-Ill). In 
the experimental results shown in Fig 4, an initial slight decrease 
was seen in ICAM-1 mRNA at 4 h; however, the significance of this 
finding is unclear. It is interesting to note that Norris et al [16] found 
an initial UVB-mediated suppression of cytokine-inducible ICAM-
1 expression at 24 h, followed by an induction of ICAM-1 on 
human keratinocytes 48 h after UVB at dosages representing 1-3 
MED. Another cell of the epidermis, the melanocyte, has been 
recently investigated by Kirnbauer et al [19] with regard to the direct 
effect ofUVB on ICAM-1 expression. These researchers also noted 
a biphasic effect ofUVB on ICAM-l expression, with initial sup-
pression of cytokine responsiveness and then an induction of cell 
surface and mRNA expression at 48 h. The present study demon-
strates that UVB, in physiologically relevant exposures, is capable of 
directly inducing ICAM-1 on the surface of yet another cell of the 
skin, the microvascular endothelial cell. 
We thus have investigated potential mechanisms of UVB-in-
duced ICAM-l upregulation in HDMEC. Utilizing blocking anti-
bodies to IL-1 and TNF-a, we have demonstrated that the UV-in-
duced upregulation of ICAM-1 occurred in the presence of 
biological\y functional concentrations of these blocking antibodies. 
Therefore, it is unlikely that the observed effects of UVB on 
HDMEC ICAM-l expression are caused through autocrine secre-
tion of either IL-1 or TNF-a Furthermore, although IL-l produc-
tion by human umbilical vein endothelial cells has been previously 
described [28], we have found low to non-detectable levels ofIL-l 
mRNA in HDMECs following exposure to UVB or a variety of 
biologic response modifiers (unpublished observations). Indeed, 
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Figure 5. Anti-TNF antibody has no effect upon UVl3 induction of 
ICAM-l in HDMEC exposed to UVB. A) ICAM-l expression by HDMEC 
is upregulated (shaded plot) 24 h after UVl3 (10 mJ/cm2 ) when compared to 
baseline expression (opell plot) . B) ICAM-l expression is upregulated by 
TNF-a (100 U Iml) (shaded plot) 24 h after treatment and this upregulation 
is blocked by anti-TNF antibody (operl plot). C) ICAM-l expression by 
HDMEC is upregulated (shaded plot) 24 h after UVB (10 mJ/cm2 ) and this 
upregulation is not blocked by anti-TNF antibody (open plot) . 
there was no increase in minimally detectable IL-1P mRNA levels at 
various UVB dosages 24 h after irradiation. Additionally, ICAM-l 
CAT constructs, containing known IL-1 - and TNF-a - responsiVl 
elements, did not exhibit an increase in CAT activity following 
identical UVB dosages to transfected cells, though transfected celb 
treated :vith appropriate cytokines did exhibit upregulation of CAT 
expression. 
The absence of E-selectin or VCAM induction, either at thl 
mRNA level or at the cell-surface, also mitigates against a UV-in, 
duced ICAM-1 upregulation occurring in our system via an IL-1 ~ 
or TNF-a-mediated mechanism. The peak of E-selectin expres, 
sion by HDMEC is typically an early, as well as relatively short, 
lived, phenomenon that occurs in response to either IL-1 or TNF1 
(2 - 6 h). E-selectin induction on dermal microvasculature irl vi~ 
[22] and in skinexplants [Murphy GF, Walsh LJ, Kaidbey K, Lavk~ 
RM: Clill Res 39:195A 1991 (abstr)] has, in fact, been described 2, 
6 h following UVB. In the skin-explant studies, this E-selectin iII, 
duction has been attributed to UVB-induced mast cell degranula, 
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Figure 6. Anti-IL-l antibody has no effect upon VVB induction of 
ICAM-1 in HDMEC exposed to VVB. A) ICAM-1 expression by HDMEC 
is upregulated (shaded plot) 24 h after VVB (10 mJ/cm2) when compared to 
baseline expression (open plot). B) ICAM-1 expression is upregulated by 
IL-l-a (100 V /ml) (shaded plot) 24 h after treatment and this upregulation is 
blocked by anti-IL-l-a antibody (opell plot) . C) ICAM-t expression by 
HDMEC is upregulated (shaded plot) 24 h after VVB (10 mJ/cm2) and this 
upregulation is not blocked by anti - IL-t antibody (open plot). 
tion with release of preformed TNF-a. Interestingly, in these pre-
liminary studies, these investigators could not demonstrate 
E-selectin induction in cultured human umbilical vein endothelial 
cells after direct UV exposure. This finding is in accordance with 
our data in that we were unable to induce E-selectin on HDMEC by 
direct UVB exposure at appropriate time points. 
The kinetics ofICAM-l induction on HDMEC by UVB differs 
from that described for both keratinocytes [16] and melanocytes 
[19]. The fact that ICAM-1 UV induction on HDMEC occurs more 
rapidly than in HK and melanocytes has biologic relevance as well 
as implications for cutaneous disease. In UV -induced cutaneous 
inflammation, one can postulate the physiologic appropriateness of 
the initial ICAM-l/LFA-l interaction occurring between the vas-
cular endothelium and circulating leukocytes. Once the inflamma-
tory cell has traversed the initial endothelial barrier, it is then capa-
ble of interacting with the epidermis, which has also been induced, 
at a somewhat later time point, to express ICAM-1 following UV 
irradiation. This scenario, in fact, may have relevance in the induc-
tion and/or exacerbation of many photosensitive diseases. 
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UV-induced early morphologic changes of the cutaneous vascu-
lature may be related to UV-induced erythema. We have presently 
demonstrated that these long-recognized morphologic changes are, 
in fact, accompanied by the specific upregulation of ICAM-1 in 
dermal microvascular endothelial cells. With regard to the molecu-
lar biology of the endothelial cell, a direct effect induced by UVB 
may be required for the specific induction of ICAM-I. The mecha-
nism of this induction is speculative at this time, but it does not 
appear to involve autocrine release of either IL-1 or TNF-a by 
HDMEC. Furthermore, the absence of induction of either VCAM-
1 or E-selectin strongly argues against a cytokine-mediated mecha-
nism. The molecular mechanism by which UVB exposure leads to 
upregulation of ICAM-1 expression remains unclear. Schreck et af 
[29] have demonstrated that the generation of reactive oxygen in-
termediates can lead to the activation of gene transcription via an 
NFICB-dependent mechanism. Similarly, proto-oncogene activa-
tion following UV and/or ionizing radiation has been described 
[30 - 32]. However, using transienttransfections ofICAM-1- based 
reporter gene constructs containing both IL-l- and TNF-a-
responsive regions, we were unable to demonstrate a direct effect of 
UVB upon ICAM-l transcriptional enhancement, though these 
same constructs responded appropriately to exogenous IL-l and 
TNF-a treatment of the transfected cells. It remains theoretically 
possible, however, that an ICAM-l UV-responsive element lies 
outside the regions of the gene examined in these studies. Alterna-
tively, the upregulation of ICAM-l following UV exposure could 
be occurring via a post-transcriptional mechanism. Hilgers et af [33] 
have described a UV-dependent stabilization of specific species of 
mRNA other than ICAM-I. Such a phenomenon could lead to 
increased steady-state levels of ICAM-l mRNA in UV-exposed 
HDMEC and subsequent increases in HDMEC ICAM-l cell sur-
face expression. 
In summary, we have shown a dose- and time-dependent increase 
in ICAM-l mRNA and cell surface expression HDMEC exposed to 
physiologically relevant dosages of UVB. The mechanism of this 
induction is uncertain, but does not appear to be IL-1 or TNF-a 
dependent. The exact molecular mechanisms involved in this in-
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Figure 7. IL-1 and TNFa, but not VVB, induce increased expression of 
CAT reporter gene expression driven by selected portions of the ICAM-l 5' 
regulatory region. Results are expressed as relative CAT conversion activity 
of cellular lysates after transient transfection of HDMEC with various con-
structs, followed by treatment of transfected cells as indicated in the legend 
insert. CAT conversion data have been normalized for each construct, with 
no treatment values for each construct = 100. N 2: 2 for each data point 
except N = 1 for TNF-a treatment of pBS-CAT. Constructs, transfections, 
and assays are as described in Materials alld Methods. Stimulation with IL-l 
(100 V/ml), TNF-a (tOO U / ml), or UVB (7 -10 mJ/ cm2) occurred 24 h 
prior to lysate preparation. Error bars, SEM for each data point. 
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